Background
==========

The Adverse Childhood Experiences (ACE) Study is a collaborative effort between Kaiser Permanente (San Diego, CA) and the Centers for Disease Control and Prevention (Atlanta, GA) designed to examine the long-term relationship between adverse childhood experiences (ACEs) and a variety of health behaviours and health outcomes in adulthood. An underlying thesis of the ACE Study is that stressful or traumatic childhood experiences have negative neurodevelopmental impacts that persist over the lifespan and that increase the risk of a variety of health and social problems \[[@B1]\].

Strong, graded relationships have been reported between traumatic stress during childhood and smoking behaviour \[[@B2],[@B3]\]. Anda and colleagues \[[@B2]\] hypothesized that observed associations between adverse childhood experiences (ACEs) and early smoking initiation (by age 14 years) as well as other smoking behaviours in adulthood may be partly explained by the adoption of smoking as a means of self-medicating to deal with affective disorders through the psychoactive actions of nicotine. The epidemiological findings parallel advances in the neurobiological understanding of tobacco dependence \[[@B4]-[@B6]\] as well as that for the consequences of exposure to childhood traumatic stressors \[[@B7]\], including cancer \[[@B8]\], providing biologic plausibility to observed associations between child maltreatment and adverse health outcomes later in life \[[@B9]-[@B12]\].

For example, evidence from animal models, clinical studies, and neuroimaging studies suggest that child maltreatment affects brain regions (e.g., hippocampus, amygdala, and prefrontal cortex) and circuits such as the hypothalamic-pituitary-adrenal (HPA) axis and norepinephrine systems which mediate stress response \[[@B11]\]. Early stressors may have lasting effects on the HPA axis perhaps by increasing glucocorticoid response to subsequent stress \[[@B11]\]; that is to say, early life stressors may lead to sensitization of central nervous system corticotrophin releasing factor (CRF) activity \[[@B13]\]. Furthermore, disruptions in HPA signaling may sustain inflammatory processes (processes shown to have a role in the development of some cancers \[[@B14]\]) through altered release of glucocorticoid hormones and disturbances in the balance between pro- and anti-inflammatory mechanisms thereby affecting immune activation and inflammation \[[@B15]-[@B17]\].

The negative health consequences of smoking and second hand smoke exposure are well documented \[[@B18],[@B19]\]. Smoking is responsible for at least 30% of all cancer deaths, for nearly 80% of deaths from chronic obstructive pulmonary disease as well as early cardiovascular disease and deaths \[[@B18]\]. An estimated 443,000 Americans die from diseases directly related to cigarette smoking each year \[[@B20]\], and smoking is estimated to be responsible for more than 5 million deaths per year worldwide \[[@B21]\]. Lung cancer, one of many smoking-related diseases for which evidence is sufficient to infer a causal relationship, is a leading cause of cancer death among both men and women in the United States. In 2005, 90,141 men and 69,079 women died of lung cancer in the United States \[[@B22]\].

On the basis of this evidence, we conducted a prospective cohort study using data from the ACE Study and ACE Mortality Study to examine the cumulative effect(s) of ACEs on the risk of lung cancer with particular attention given to an important causal intermediate, smoking behaviour. The *a priori*hypothesis was that ACEs are associated with an increased risk of lung cancer and that this relationship would operate through the ACE-smoking relationship.

Methods
=======

Baseline cohort
---------------

The ACE Study methods have been described in detail elsewhere \[[@B1],[@B2],[@B7]\]. The ACE Study has been approved by the institutional review boards of the respective institutions. Briefly, the ACE Study is based at Kaiser Permanente\'s San Diego Health Appraisal Clinic, a primary care clinic where each year more than 50,000 adult members of the Kaiser Permanente Health Maintenance Organization receive an annual, standardized, biopsychosocial medical examination \[[@B2]\]. Each member who visits the Health Appraisal Clinic completes a standardized medical questionnaire \[[@B1]\]. The medical history is completed by a health care provider who also performs a general physical examination and reviews laboratory test results with the patient \[[@B1]\]. Appointments for most members are obtained by self-referral with 20% referred by their health care provider \[[@B1]\]. A review of Kaiser Permanente members aged 25 years or older in San Diego and continuously enrolled between 1992 and 1995 revealed that 81% of those members had been evaluated at the Health Appraisal Clinic \[[@B1]\].

All Kaiser members who completed medical examinations at the Health Appraisal Clinic between August and November of 1995, between January and March of 1996 (Wave I: 13,494 persons), and between April and October of 1997 (Wave II: 13,330 persons) were eligible to participate in the ACE Study \[[@B23]\]. Within two weeks after a member\'s visit to the Health Appraisal Clinic, a Study questionnaire was mailed asking questions about health behaviours and adverse childhood experiences. A total of 17,421 (68%) persons responded; 84 persons had incomplete information on race and educational attainment leaving 17,337 persons available in the baseline cohort \[[@B23]\]. Select characteristics of the baseline sample are shown in Table [1](#T1){ref-type="table"}.

###### 

Select characteristics of 17,337 ACE Study participants at baseline

  Characteristic                                     N (%)
  -------------------------------------------------- -------------
  Age (years)                                        
   18-34                                             1721 (9.9)
   35-49                                             4494 (25.9)
   50-64                                             5534 (31.9)
   65-74                                             3715 (21.4)
   ≥ 75                                              1873 (10.8)
  Women                                              9367 (54.0)
  Nonwhite                                           4373 (25.2)
  Education                                          
   \< high school                                    1251 (7.2)
   High school graduate                              3044 (17.6)
   Some college                                      6220 (35.9)
   College graduate                                  6822 (39.3)
  Unmarried                                          5331 (30.7)
  Financial problems                                 2040 (11.8)
  Smoking status                                     
   Current                                           1490 (8.6)
   Former                                            7040 (40.6)
   Never                                             8807 (50.8)
  History of chronic obstructive pulmonary disease   781 (4.5)
  History of asthma                                  1780 (10.3)
  History of tuberculosis                            1921 (11.1)

### Definitions of Adverse Childhood Experiences (ACEs)

Adverse childhood experiences include childhood emotional, physical, or sexual abuse and household dysfunction during childhood. The categories are verbal abuse, physical abuse, contact sexual abuse, a battered mother, household substance abuse, household mental illness, incarcerated household members, and parental separation or divorce (Table [2](#T2){ref-type="table"}). The experiences chosen for study were based upon prior research that has shown to them to have significant negative health or social implications, and for which substantial efforts are being made in the public and private sector to reduce their frequency of occurrence.

###### 

Definition and age-standardized prevalence of adverse childhood experiences (ACEs) at baseline by smoking: Kaiser Permanente, San Diego, California, 1995-1997

  ----------------------------------------------------------------------------------------------------------------------------------------
                                                                                                      Ever Smoked, %\   Never Smoked, %\
                                                                                                      (n = 8551)        (n = 8786)
  --------------------------------------------------------------------------------------------------- ----------------- ------------------
  **Childhood Abuse**                                                                                                   

  *Emotional*                                                                                         16.0              10.4

  [(Did a parent or other adult in the household \...)]{.ul}                                                            

  1\) Often or very often swear at you, insult you, or put you down?                                                    

  2\) Sometimes, often, or very often act in a way that made you that you might be physically hurt?                     

  *Physical*                                                                                          36.9              26.1

  [(Did a parent or other adult in the household \...)]{.ul}                                                            

  1\) Often or very often push, grab, slap, or throw something at you?                                                  

  2\) Often or very often hit you so hard that you had marks or were injured?                                           

  *Sexual*                                                                                            27.3              19.2

  [(Did an adult or person at least 5 years older ever \...)]{.ul}                                                      

  1\) Touch or fondle you in a sexual way?                                                                              

  2\) Have you touch their body in a sexual way?                                                                        

  3\) Attempt oral, anal, or vaginal intercourse with you?                                                              

  4\) Actually have oral, anal, or vaginal intercourse with you?                                                        

                                                                                                                        

  **Household dysfunction**                                                                                             

  *Substance abuse*                                                                                   39.7              27.7

  1\) Live with anyone who was a problem drinker or alcoholic?                                                          

  2\) Live with anyone who used street drugs?                                                                           

  *Mental Illness*                                                                                    26.1              20.1

  1\) Was a household member depressed or mentally ill?                                                                 

  2\) Did a household member attempt suicide?                                                                           

  *Mother treated violently*                                                                          17.7              12.7

  [(Was your mother (or stepmother) \...)]{.ul}                                                                         

  1\) Sometimes, often, or very often pushed, grabbed, slapped, or had something thrown at her?                         

  2\) Sometimes, often, or very often kicked, bitten, hit with a fist, or hit with something hard?                      

  3\) Ever repeatedly hit over at least a few minutes?                                                                  

  4\) Ever threatened with or hurt by a knife or gun?                                                                   

  *Incarcerated household member*                                                                     8.2               4.9

  1\) Did a household member go to prison?                                                                              

  *Parental separation or divorce*                                                                    34.3              24.0

  1\) Were your parents ever separated or divorced?                                                                     

  *Categories of adverse childhood experiences, No.*                                                                    

   0                                                                                                  24.7              36.3

   1                                                                                                  22.9              26.2

   2                                                                                                  17.6              15.9

   3                                                                                                  12.8              9.3

   4 or 5                                                                                             15.7              9.6

   6, 7, or 8                                                                                         6.3               2.7
  ----------------------------------------------------------------------------------------------------------------------------------------

Respondents were defined as exposed to a category if they responded \"yes\" to one or more of the questions in that category.

All questions used to define ACEs pertained to the respondents\' first 18 years of life (≤ 18 years of age) (Table [2](#T2){ref-type="table"}). Questions adapted from the Conflict Tactics Scale (CTS) \[[@B24]\] had 5 response categories: \"never\", \"once or twice\", \"sometimes\", \"often\", or \"very often\". Three types of childhood abuse were defined by Wyatt: emotional abuse (2 questions), physical abuse (2 questions), or contact sexual abuse (4 questions) \[[@B25]\]. We also defined 5 exposures to household dysfunction during childhood: exposure to substance abuse (defined by 2 questions)\[[@B26]\], mental illness (2 questions), violent treatment of mother or stepmother (4 questions)\[[@B24]\], criminal behaviour in the household (1 question), and parental separation or divorce (1 question). Respondents were defined as exposed to a category if they responded \"yes\" to 1 or more of the questions in that category.

To assess the cumulative effect of adverse childhood experiences on the risk of lung cancer, the total number of these categories of childhood exposures was summed to create the ACE score (range: 0-8) (Table [2](#T2){ref-type="table"}). The statistical characteristics and validity of the ACE score and test-retest reliability of the questions have been published elsewhere \[[@B27],[@B28]\]. Analyses were completed using a 6-level categorical ACE score variable (0, 1, 2, 3, 4 or 5, 6 or more ACEs) with 0 ACEs serving as the referent category.

### Smoking behaviour

Using the complete ACE Study baseline cohort, we updated analyses by Anda and colleagues \[[@B2]\] that examined relationships between the number of categories of ACEs and five smoking behaviours. *Early smoking initiation*was defined as regularly smoking cigarettes by 14 years of age; *adult smoking initiation*was defined as smoking initiation at age 19 years or older; *ever smokers*were persons who had smoked at least 100 cigarettes in their lifetime; *current smokers*were those who reported smoking at the time of the survey; *heavy smokers*currently smoked 20 or more cigarettes per day. Study participants who reported that either parent smoked during the respondent\'s childhood were considered to have a parental history of smoking.

Lung cancer case ascertainment during follow-up
-----------------------------------------------

Two methods of case ascertainment were used to identify lung cancer: *1*) incident hospitalization during follow-up that listed lung cancer on the discharge record, and 2) mortality records obtained from a search of the National Death Index that listed lung cancer as the underlying cause of death during follow-up through December 2005.

### Incident hospitalization with lung cancer during follow-up

Up-to-date information on inpatient hospitalizations was available from Kaiser Permanente in an electronic format through 31 December 2005. Hospitalization records included a study identification number, information on the admission and discharge dates, a maximum of nine diagnosis and five procedure codes (*International Classification of Diseases, 9th Revision \[ICD-9\]*). Hospitalization discharge records were searched for diagnoses of lung cancer (ICD-9 code 162; *N.B*. In contrast to mortality data, hospitalization record diagnostic codes were based on ICD-9 throughout the follow-up period.) (n = 87). Study participants with a diagnosis of lung cancer located anywhere on the discharge record were considered to have been hospitalized with lung cancer. We removed records where the hospitalization occurred outside a period of valid health plan enrollment (n = 7) leaving a total of 80 hospitalizations with lung cancer among 64 study participants.

The eligible sample population from which hospitalizations were identified (n = 15,365) differed slightly from the baseline study population. A total of 724 observations were excluded from the hospitalization follow-up cohort because the baseline appointment date occurred outside of a period of enrollment in the health plan or within 120 days of a period of enrollment. The 120-day rule was incorporated to account for possible coverage by the health insurance plan under coverage continuation provided by the Consolidated Omnibus Budget Reconciliation Act of 1985 (COBRA). A total of 1248 persons were excluded from the hospitalization follow-up cohort because the ratio of time enrolled in the health plan was \<80% of the total possible follow-up time. The latter exclusion was used to account for persons who were in-and-out of the health plan and therefore likely getting care through other sources that we could not identify.

Persons excluded from the hospitalization follow-up cohort were younger (18-34 yrs: 19%; 35-49: 26%; 50-64: 29%; 65-74: 19%; ≥ 75: 9%) and more likely to be nonwhite (33%), unmarried (37%), have financial problems (17%) than those who comprised the follow-up cohort (age: 18-34 yrs, 9%; 35-49, 26%; 50-64, 33%; 65-74, 22%; ≥ 75, 11%; nonwhite, 24%; unmarried, 30%; financial problems, 11%). No meaningful differences were observed by sex (men: excluded, 46%; included, 46%) or education (high school or less: excluded, 26%; included, 25%). Excluded persons were slightly more often to be current smokers (11% *v*8%) than included participants; however, there were no meaningful differences in the prevalence of a history of lung cancer, chronic obstructive pulmonary disease, asthma or tuberculosis. Finally, no meaningful difference in the distribution of ACE scores was observed between exclusion and inclusion groups, respectively (0: 36% *v*33%; 1: 26% *v*25%; 2: 16% *v*16%; 3: 9% *v*11%; 4 or 5: 10% *v*11%; 6,7, or 8: 3% *v*4%).

### Death from lung cancer during follow-up

To ascertain the vital status of each cohort member through 31 December 2005 (Figure [1](#F1){ref-type="fig"}), ACE Study baseline survey data were merged with follow-up mortality data from the National Death Index (NDI), which has been shown to capture 93-98% of all U.S. deaths \[[@B29]-[@B31]\]. Linkage of ACE Study participants with NDI records followed standardized procedures used by the National Center for Health Statistics \[[@B32]-[@B34]\]. Briefly, ACE Study participants were matched to the NDI by Social Security number, first and last names, middle initial, sex, birth date (day, month, and year), and state of residence. Eligible ACE Study participants with a \"true\" NDI record match were assumed to be dead, and those with no NDI record match or an NDI record match considered to be \"false\" match were assumed to be alive \[[@B32]-[@B34]\].

![**Data map for mortality follow-up through 31 December 2005**.](1471-2458-10-20-1){#F1}

Of the 17,337 study participants at baseline, 10,542 were currently enrolled in the health plan on 31 December 2005 and assumed to be alive. The vital status of the remaining 6795 participants was unknown and therefore these participants were eligible for matching to the NDI. Of these 6795 participants, 4107 were identified as *potential*matching records in the NDI (Figure [1](#F1){ref-type="fig"}). A total of 1179 participants were identified as *probable*deaths based on an exact match between all identifying data items sent forward on the ACE Study record and on the NDI record; 361 participants were identified as *possible*deaths based in part on a probabilistic score for the match computed by NCHS and described in detail elsewhere \[[@B33]\]. To have comparable case ascertainment to that in the hospital discharge data, we excluded deaths after 31 December 2005 (n = 29 probable deaths; n = 33 possible matches). We identified one *possible*death record wherein the death date preceded the baseline study date and subsequently recoded this record from *possible death*to *assumed alive*leaving a total of 1477 study participants who died during follow-up (1150 probable; 327 possible).

We identified death records with an underlying cause of death of lung cancer (ICD-9 code 162 for deaths between 1995-1998 and *International Classification Disease, Tenth Revision*\[ICD-10\] code C34 for deaths between 1999 and 2005). The comparability ratio for ICD-9 and ICD-10 codes for lung cancer published by the National Center for Health Statistics is very high (0.9840) making analysis possible without the need to adjust for coding changes.

Follow-up (i.e., survival) time was calculated as the difference between the ACE Study baseline interview date and the last known date alive for ACE Study participants listed as decedents in the NDI and as the difference between the interview date and 31 December 2005 for those not listed as decedents. A total of 436 observations were excluded from the follow-up cohort because the baseline appointment date occurred outside of a period of enrollment in the health plan or within 120 days of a period of enrollment. Differences between study participants included and excluded from the mortality follow-up cohort were similar to those described above for hospitalization.

Statistical analysis
--------------------

Analyses were conducted using SAS v9.1.3 (2002-2003, SAS Institute, Cary, North Carolina). Associations between the number of ACE categories and each of the five smoking behaviours were examined using multivariable-adjusted logistic regression. Using multivariable-adjusted logistic regression, we estimated, by means of the odds ratio (OR), the relative risk of lung cancer occurrence during follow-up identified through hospitalization discharge records for each of the ACE score categories (1; 2; 3; 4 or 5; and 6, 7, or 8) compared to those without ACEs. Using Cox proportional hazards regression, we estimated, by means of the hazard rate ratio (HR), the relative risk of lung cancer occurrence during follow-up identified through death records across the number of categories of ACEs. We assessed the appropriateness of the proportional hazard assumption for the variables in our final model; without exception, all covariates in the final model satisfied the proportional hazard assumption.

Multivariable-adjusted models included age at baseline; sex; race/ethnicity (white, nonwhite); education (less than high school, high school graduate, some college, college graduate); marital status (married, unmarried), and current financial problems (yes, no). To assess relationships between ACEs and the occurrence of lung cancer after the addition of smoking (a causal intermediate), we included dichotomous variables for former smoking, current smoking of less than 20 cigarettes per day, and current smoking of 20 or more cigarettes per day (with never smokers as referent) as well as a measure of second hand smoke exposure (parental smoking during childhood). We also controlled for co-factors associated with an increased risk of lung cancer including a baseline history of asthma, chronic obstructive pulmonary disease (COPD), cancer, or tuberculosis.

Analysis focused on estimation of the risk of lung cancer rather than thinking in dichotomous terms of what is and is not statistically significant \[[@B35]\] as is done in predictive modeling.

Results
=======

ACEs and Smoking Behaviour
--------------------------

Respondents who ever smoked were more likely to have reported experiencing the component ACEs than those who had never smoked (Table [2](#T2){ref-type="table"}). However, the overall prevalence of experiencing ACEs was high at least ≥ 1 ACE reported by 75.3% of participants who had ever smoked and by 63.7% of those who had never smoked. Consistent with the findings of Anda and colleagues from Wave I ACE Study data, we observed strong, graded relationships between the number of categories of ACEs and each of the five smoking behaviours (Table [3](#T3){ref-type="table"}).

###### 

Association between number of categories of adverse childhood experiences (ACEs) and the prevalence and risk of selected smoking behaviors among 17,337 adults

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                       Early Smoking Initiation   Initiated Smoking\   Ever Smoked   Current Smoker      Heavy Smoker§                                                        
                                                  After Age 18 yrs‡                                                                                                           
  ------------- ------ -------------------------- -------------------- ------------- ------------------- --------------- ------------------- ------ ------------------- ----- -------------------
   0            6255   3.2                        1.00 (referent)      27.1          1.00 (referent)     33.7            1.00 (referent)     7.0    1.00 (referent)     2.0   1.00 (referent)

   1            4514   4.9                        1.53 (1.26, 1.87)    28.2          1.15 (1.04, 1.28)   39.9            1.29 (1.19, 1.40)   8.8    1.10 (0.95, 1.28)   2.5   1.12 (0.88, 1.43)

   2            2758   6.1                        1.88 (1.51, 2.32)    29.0          1.32 (1.17, 1.50)   45.6            1.62 (1.47, 1.78)   10.5   1.28 (1.09, 1.52)   3.6   1.38 (1.06, 1.80)

   3            1650   8.2                        2.69 (2.14, 3.39)    31.0          1.56 (1.34, 1.81)   50.7            1.91 (1.70, 2.14)   13.8   1.60 (1.33, 1.93)   5.0   2.05 (1.55, 2.72)

   4 or 5       1690   10.3                       3.55 (2.85, 4.42)    28.8          1.56 (1.33, 1.83)   55.1            2.44 (2.17, 2.74)   13.9   1.78 (1.49, 2.13)   5.4   2.39 (1.83, 3.13)

   6, 7, or 8   470    17.9                       7.06 (5.27, 9.45)    30.7          1.93 (1.45, 2.58)   61.4            3.27 (2.67, 4.01)   17.0   2.08 (1.59, 2.72)   6.3   2.46 (1.63, 3.71)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ACEs, adverse childhood experiences OR, odds ratio CI, confidence interval

\* Logistic regression analyses include age, sex, race/ethnicity, education; *P*value for the linear trend across ACE Score categories was \< 0.001 for all smoking behaviors.

† Age standardized using the 2000 Census population for California.

‡ Persons who began smoking by age 18 years were excluded from this analysis (n = 5166)

§Defined as smoking at least 1 pack of cigarettes per day (20 cigarettes per pack); light smokers were excluded from this analysis (n = 864).

ACEs and Occurrence of Lung Cancer
----------------------------------

### Incident hospitalization with lung cancer during follow-up

We identified 64 cases of lung cancer during follow-up using hospital discharge records among 15,365 eligible study participants (age-standardized risk = 201 × 100,000^-1^population). Cases were older than those not hospitalized with lung cancer (\<50 yrs: 2% *v*35%; 50-65: 42% *v*33%; ≥ 65: 56% *v*33%); more likely to be men (53% *v*46%), less likely to be nonwhite (14% *v*24%), have similar education levels (≤ high school: 27% *v*25%), more likely to be unmarried (41% *v*30%) and have similar current financial problems (11% *v*11%) were distributed similarly between persons hospitalized with lung cancer and those who were not.

The relationship of the ACE score to incident hospitalization for lung cancer was strong and graded (*P*= 0.0004) (Table [4](#T4){ref-type="table"}). Compared to persons with an ACE score of 0, those with a score of 6 or more had a 3-fold increase in the risk of lung cancer (Model A: RR = 3.18, 95%CI = 0.71-14.15) (Table [4](#T4){ref-type="table"}). After consideration of the causal pathway by adding smoking to the model, risk ratios were attenuated toward the null, although not completely.

###### 

Frequency, age-adjusted risk, and risk ratio of the occurrence of lung cancer, identified by hospital discharge records, between baseline and 31 December 2005 by number of categories of adverse childhood experiences (ACEs) and smoking status among 15,365 adults

                                                    Relative risk of lung cancer\*   
  ------------------------- -------- -------------- -------------------------------- ----------------------
  Categories of ACEs, No.                                                            
   0                        5595     20 \| 152.1    1.00 (referent)                  1.00 (referent)
   1                        4030     10 \| 103.8    0.73 (0.34, 1.58)                0.67 (0.31-1.45)
   2                        2447     11 \| 195.6    1.48 (0.70, 3.10)                1.29 (0.61-2.74)
   3                        1428     12 \| 574.4    3.10 (1.49, 6.46)                2.46 (1.17-5.19)
   4 or 5                   1469       9 \| 433.7   2.55 (1.13, 5.74)                2.06 (0.90-4.72)
   6, 7, or 8               396        2 \| 347.8   3.18 (0.71, 14.15)               2.14 (0.46-9.89)
                                                                                     
                                                    *P*for trend \<0.001             *P*for trend = 0.007
  Smoking status                                                                     
   Never                    7808       7 \| 58.8                                     1.00 (referent)
   Former                   6281     37 \| 225.4                                     4.44 (1.95-10.12)
   Current, \<20 cig/d      772        6 \| 591.4                                    10.27 (3.39-31.13)
   Current, ≥ 20 cig/d      504      14 \| 1662.8                                    26.97 (10.39-69.98)
                                                                                     
  Total                     15,365   64 \| 201.3                                     

ACEs, adverse childhood experiences RR, risk ratio CI, confidence interval

\* Hospital discharge diagnosis of lung cancer defined by ICD-9 code 162

\*\* Risk (per 100,000 population) age-standardized to the 2000 Census population for California

Model A adjusted for age, sex, race/ethnicity, education, marital status, financial problems

Model B adjusted for age, sex, race/ethnicity, education, marital status, financial problems, smoking status, parental smoking history. In addition to the RR estimates for ACE score, we show the RR estimates for smoking status from the regression model.

As the ACE score increased, the adjusted mean age at incident hospitalization for lung cancer decreased (*P*for trend \< 0.001). Persons with 6 or more ACEs were hospitalized 13 years earlier on average than those without ACEs (60.7 years; 95%CI = 49.2-72.3 *v*73.8 years; 95%CI = 70.3-77.4). Of course, comparisons of average-at-hospitalization across groups are not straightforward since the average age-at-hospitalization depends to a large extent on the age distribution of the underlying groups being compared.

### Death from lung cancer during follow-up

The 16,901 study participants eligible for mortality follow-up contributed 120,562 years of person-time (average = 7.1 years). Using death records, we identified 111 cases of lung cancer (age-standardized mortality rate = 31.1 × 100,000^-1^person-years). (*N.B*. Age-stratified risk of lung cancer mortality by ACE score is shown in Additional file [1](#S1){ref-type="supplementary-material"}.) Cases were older (\<50 yrs: 2% *v*36%; 50-65: 30% *v*32%; ≥ 65: 68% *v*32%) and more often men (57% *v*46%), white (87% *v*75%), and less educated (≤ high school: 41% *v*25%) than those who survived follow-up (or were censored); the proportion of unmarried persons (28% *v*31%) and those with financial problems (11% *v*12%) were similar across groups.

Risk ratios, estimated by the hazard rate ratio, for the occurrence of lung cancer were modestly increased across the number of categories of ACEs with the exception of that for persons with 6 or more ACEs for whom the risk ratio was 3.55 (95%CI = 1.25-10.09) (Table [5](#T5){ref-type="table"}). Risk ratios were attenuated toward the null after addition of smoking to the model. A possible association remained between ACE scores of 6 or more and lung cancer although a small number of cases (n = 4) among the exposed pose a challenge to interpretation.

###### 

Frequency, age-adjusted risk, and risk ratio of the occurrence of lung cancer, identified by death records, between baseline and 31 December 2005 by number of categories of adverse childhood experiences (ACEs) and smoking status among 16,901 adults

                                                                    Relative risk of lung cancer\*   
  ------------------------- -------- ----- ------------------------ -------------------------------- ----------------------
  Categories of ACEs, No.                                                                            
   0                        6124     53    359.4 (268.7-480.6)      1.00 (referent)                  1.00 (referent)
   1                        4411     26    248.8 (168.9-366.3)      0.75 (0.47, 1.20)                0.69 (0.43, 1.11)
   2                        2681     28    720.5 (394.8-1311.0)     1.52 (0.95, 2.42)                1.35 (0.84, 2.16)
   3                        1599     18    805.5 (492.8-1313.9)     1.92 (1.11, 3.33)                1.58 (0.90, 2.76)
   4 or 5                   1637     15    641.0 (373.9-1096.6)     1.88 (1.04, 3.41)                1.51 (0.83, 2.78)
   6, 7, or 8               449      4     635.8 (239.5-1676.8)     2.70 (0.94, 7.72)                1.83 (0.63, 5.35)
                                                                                                     
                                                                    *P*for trend = 0.001             *P*for trend = 0.017
  Smoking status                                                                                     
   Never                    8589     16    108.4 (64.9-179.8)                                        1.00 (referent)
   Former                   6879     90    539.6 (426.0-683.2)                                       4.83 (2.80-8.33)
   Current, \<20 cig/d      870      13    1166.8 (676.2-2006.2)                                     10.11 (4.78-21.39)
   Current, ≥ 20 cig/d      563      25    3448.5 (2210.2-5342.7)                                    25.48 (13.10-49.56)
                                                                                                     
  Total                     16,901   144   432.3 (362.2-515.7)                                       

ACEs, adverse childhood experiences RR, risk ratio CI, confidence interval

\* Lung cancer cases identified through either a hospital discharge diagnosis of lung cancer defined by ICD-9 code 162 or an underlying cause of death from lung cancer defined by ICD-9 code 162 for deaths between 1995-1998; ICD-10 code C34 for deaths between 1999 and 2005.

\*\* Rate (per 100,000 population) age-standardized to the 2000 Census population for California.

Model A adjusted for age, sex, race/ethnicity, education, married, financial problems

Model B adjusted for age, sex, race/ethnicity, education, married, financial problems, smoking status, parental smoking history. In addition to the RR estimates for ACE score, we show the RR estimates for smoking status from the regression model.

We combined cases from the two prospective case ascertainment methods and observed 144 cases of lung cancer (age-standardized risk = 432.3 × 100,000^-1^population) (Table [6](#T6){ref-type="table"}). The relationship of the ACE score to the risk of lung cancer was strong and graded (*P*= 0.001). Similar patterns were observed to those described above. The age-adjusted risk difference, comparing persons with ACE scores of 6 or more to those without ACEs, was 277 cases × 100,000^-1^population and risk ratios were about 1.5-2.5 times greater for persons with 3 or more categories of ACEs compared to those without ACEs. As observed above, risk ratios were attenuated toward the null, although not completely, after addition of smoking to the model. Similar findings were observed after further addition of a baseline history of asthma, COPD, cancer, or tuberculosis (ACE score = 1: RR = 0.70, 95%CI = 0.45-1.14; ACE score = 2: RR = 1.34, 95%CI = 0.83-2.15; ACE score = 3: RR = 1.57, 95%CI = 0.90-2.76; ACE score = 4 or 5: RR = 1.40, 95%CI = 0.76-2.58; ACE score = 6, 7, or 8: RR = 1.70, 95%CI = 0.58-4.97).

###### 

Frequency, age-adjusted risk, and risk ratio of the occurrence of lung cancer, identified by hospital or death records, between baseline and 31 December 2005 by number of categories of adverse childhood experiences (ACEs) and smoking status among 16,901 adults

                                                                    Relative risk of lung cancer\*   
  ------------------------- -------- ----- ------------------------ -------------------------------- ----------------------
  Categories of ACEs, No.                                                                            
   0                        6124     53    359.4 (268.7-480.6)      1.00 (referent)                  1.00 (referent)
   1                        4411     26    248.8 (168.9-366.3)      0.75 (0.47, 1.20)                0.69 (0.43, 1.11)
   2                        2681     28    720.5 (394.8-1311.0)     1.52 (0.95, 2.42)                1.35 (0.84, 2.16)
   3                        1599     18    805.5 (492.8-1313.9)     1.92 (1.11, 3.33)                1.58 (0.90, 2.76)
   4 or 5                   1637     15    641.0 (373.9-1096.6)     1.88 (1.04, 3.41)                1.51 (0.83, 2.78)
   6, 7, or 8               449      4     635.8 (239.5-1676.8)     2.70 (0.94, 7.72)                1.83 (0.63, 5.35)
                                                                                                     
                                                                    *P*for trend = 0.001             *P*for trend = 0.017
  Smoking status                                                                                     
   Never                    8589     16    108.4 (64.9-179.8)                                        1.00 (referent)
   Former                   6879     90    539.6 (426.0-683.2)                                       4.83 (2.80-8.33)
   Current, \<20 cig/d      870      13    1166.8 (676.2-2006.2)                                     10.11 (4.78-21.39)
   Current, ≥ 20 cig/d      563      25    3448.5 (2210.2-5342.7)                                    25.48 (13.10-49.56)
                                                                                                     
  Total                     16,901   144   432.3 (362.2-515.7)                                       

ACEs, adverse childhood experiences RR, risk ratio CI, confidence interval

\* Lung cancer cases identified through either a hospital discharge diagnosis of lung cancer defined by ICD-9 code 162 or an underlying cause of death from lung cancer defined by ICD-9 code 162 for deaths between 1995-1998; ICD-10 code C34 for deaths between 1999 and 2005.

\*\* Rate (per 100,000 population) age-standardized to the 2000 Census population for California.

Model A adjusted for age, sex, race/ethnicity, education, married, financial problems

Model B adjusted for age, sex, race/ethnicity, education, married, financial problems, smoking status, parental smoking history. In addition to the RR estimates for ACE score, we show the RR estimates for smoking status from the regression model.

### Premature death from lung cancer

Following on prior analyses suggesting associations between ACEs and premature all-cause mortality \[[@B36]\], we repeated analyses for premature death from lung cancer. Among those who died from lung cancer, persons with 6 or more ACEs died nearly 13 years earlier on average (62.0 years; 95%CI = 53.7-70.2) on average than those without ACEs (75.4 years; 95%CI = 73.0-77.8). We re-ran the models in Table [5](#T5){ref-type="table"} after redefining the outcome as time to death from lung cancer at age 65 years or before (n = 10 deaths) and age 75 years or before (n = 55 deaths). Comparing persons with 6 or more ACEs to those without ACEs, risk ratios for the occurrence of lung cancer were 10.48 (95%CI = 1.94-56.64) (Model A, adjusted for age, sex, race/ethnicity, education, marital status, and financial problems) and 7.90 (95%CI = 1.40-44.61) (Model B, adjusted for age, sex, race/ethnicity, education, marital status, financial problems, smoking status, parental smoking history) for death at age 65 or before; 4.72 (95%CI = 1.54-14.44) (Model A) and 2.90 (95%CI = 0.92-9.11) (Model B) for death at age 75 or before.

Discussion and Conclusion
=========================

Using prospective data we observed graded relationships between the ACE score and the risk of lung cancer. Moreover, relationships between a high ACE score and lung cancer were particularly strong for those who died from lung cancer at younger ages. The increase in risk of lung cancer was only partly due to relationships between ACEs and an intermediate causal factor, smoking. The occurrence of ACE-related lung cancer not attributable to conventional risk factors suggests other mechanisms by which childhood traumatic stressors negatively affect health.

The observed associations between ACEs and lung cancer may be conservative. Case fatality for lung cancer is high. The overall 5-year relative survival rate for 1996-2004 from 17 Surveillance Epidemiology and End Results (SEER) geographic areas in the United States was 15% (age \<65 years, 18%; age \>/=65 years, 13%) with a survival rate for small cell lung cancer of about 6% and for non-small cell of only 17% \[[@B37]\]. Thus, given relationships between ACEs and smoking behaviours (particularly associations with early smoking initiation) which would increase the probability of developing smoking-related disease, it is possible that some Kaiser members with higher ACE scores were less likely to survive and to be included in the baseline data collection because they had already died from lung cancer or another smoking-related disease.

Some degree of selection bias is inevitable in observational research simply because not all persons who are born will survive to the observation period of interest and because the population that does survive often differs from the population that does not. In the case of ACEs, which are associated with numerous adverse health behaviours and health outcomes (perhaps most importantly premature death), it is reasonable to postulate that persons who are exposed to ACEs (particularly multiple ACEs) are more likely than those who are not exposed to die during childhood or young adulthood, be institutionalized, or otherwise lost prior to the initiation of the ACE Study and baseline survey resulting in a downward bias for the association between ACEs and lung cancer. Some caution must be exercised in making such an assertion with regard to the direction of the bias since this does not always hold for non-dichotomous exposures.

A strength of this study lies in the use of two prospective data sources to identify cases of lung cancer. The prospective data from hospital and mortality records are not subject to recall bias and are reported by physicians who were unaware of the patient ACE score. Also, the ACE Study incorporates multiple forms of childhood traumatic stressors. Studies that examine only one or at most two types of stressors may *1*) underestimate the burden of exposure, *2*) fail to recognize the interrelationships between different types of traumatic stressors during childhood, and/or *3*) incorrectly attribute long-term consequences to single types of childhood traumatic stress \[[@B38]\] despite convincing evidence suggesting that exposure to multiple forms of abuse and traumatic stressors appear to influence health behaviors and outcomes through a cumulative process.

The results of this study are subject to several limitations. The frequency of ACEs may represent an underreporting of their actual occurrence given the sensitive nature of the questions. However, our estimates of the prevalence of childhood exposures are similar to estimates from nationally representative surveys \[[@B39],[@B40]\] indicating that the experiences of our participants are comparable to those of the larger population of adults. For example, in our study we found that 16% of the men and 25% of the women met the case definition for contact sexual abuse; a national telephone survey of adults in US conducted by Finkelhor and colleagues \[[@B41]\] using similar criteria for sexual abuse estimated that 16% of men and 27% of women had been sexually abused. Of the men from our study, 30% had been physically abused as boys, which closely parallels the percentage (31%) found in a recent population-based study of Ontario men in Canada that used questions from the same scales \[[@B42]\]. The similarity in estimates of the prevalence of these childhood exposures between the ACE Study and other population-based studies suggests that our findings are likely to be applicable in other settings.

The adverse effects of smoking are in part a function of the amount smoked, duration of smoking, inhalation, and tobacco product smoked. While we were able to incorporate the amount smoked, this analysis did not have data on duration and therefore was not able to compute the number of pack-years smoked. Thus, associations between ACEs and the occurrence of lung cancer that remained after the addition of smoking into the model may be the result of our inability to capture pathway effects of smoking duration. Also, smoking status was based on a single measure at baseline; therefore, we do not have data on initiation or cessation during follow-up. Similarly, exposure to second hand smoke may have changed over time. While we included variables in the final model for baseline prevalent asthma, COPD, and tuberculosis - conditions associated with the occurrence of lung cancer - we did not have information on occupational or other environmental exposures (e.g., asbestos, radon).

ACEs are associated with risk factors for chronic disease conditions such as ischemic heart disease \[[@B43]\], liver disease \[[@B44]\], COPD \[[@B45]\] and mental disorders \[[@B46],[@B47]\] that may result in an increased risk of exacerbating underlying lung disease and/or negatively affect general health, leading to disease progression or perhaps increasing the likelihood of undiagnosed lung cancer being identified \[[@B45]\]. Although mortality follow-up was available for a maximum of 10 years, statistical power was somewhat limited owing to relatively few deaths during follow-up among persons exposed to multiple ACEs. We plan to continue repeating the NDI search and related analyses in the coming years. As is the case in many observational studies, there may have been unknown or unmeasured confounding factors for which adjustment was not possible. Moreover, measurement error in the assessment or estimation of covariates and their severity may have resulted in incomplete adjustment and residual confounding. We feel these data are compatible with a moderate association between ACEs and risk of lung cancer; however, this assumes that there is no bias in the data collected and that our statistical models are correct \[[@B48]\].

Finally, we examined competing risks as a potential explanation for observed results using mortality data. If competing causes of loss to follow-up act independent of the outcome (e.g., lung cancer), then consistent estimates of the survival function are possible. Alternatively, if the independence assumption does not hold, a bias can be introduced because the number of failures from the competing risk may influence the number of subjects at risk for the outcome of interest. After identifying deaths during follow-up from smoking-related diseases \[[@B49]\] (other than lung cancer) (n = 707 deaths) and removing these observations from the censored group, we repeated the models shown in Table [5](#T5){ref-type="table"} and observed similar results for risk of lung cancer death at any age as well as premature death from lung cancer.

In summary, exposure to adverse childhood experiences is common. Insofar as stressful and traumatic childhood experiences contribute to the adoption of adverse health behaviours, such as smoking, and subsequent development of poor health outcomes, such as death from lung cancer, these childhood exposures should be recognized as underlying causes of premature mortality \[[@B50]\]. Reducing the burden of adverse childhood experiences should be considered in health and social programs as a means of primary prevention of lung cancer as well as other smoking-related diseases \[[@B43],[@B45]\]. In addition, because smoking did not completely explain observed relationships between ACEs and the occurrence of lung cancer, other pathophysiologic pathways by which childhood stressors may influence the risk of lung cancer should be explored.
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